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Combinabons of HCV anbgens that have a broader range of immunological reactivity than any single 
HCV anbgeru The combinations consist of an antigen from the C domain of the HCV poryprotein and at 
toast one addfeonaJ HCV anbgen from either the NS3 domain, the NS4 domain, the S domain, or the NS5 
domain, and are In the form of a fusion protein, a simple physical mixture* or the individual antigens 
oonruixmly bound to a solid matrix, 
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Technical Field 

The present invention is in the field of immunoassays for HCV {previously called Non-A, Non-B hepatitis 
vims). More particularly; it concerns combinations of HCV antigens that permit broad range immunoassays for 
5 anti-HCV antibodies. 

Background 

The disease known previously as Non-A, Non-B hepatitis (NANBH) was considered to be a transmissible 

10 disease or family of diseases that were believed to be viral-induced, and that were distinguishable from other 
forms of viral-associated liver diseases, including that caused by the known hepatitis viruses, i.e., hepatitis A 
virus (HAV), hepatitis B virus (HBV), and delta hepatitis virus (HDV), as well as the hepatitis induced by 
cytomegalovirus (CMV) or Epstein-Barr virus (EBV). NANBH was first identified in transfused individuals. 
Transmission from man to chimpanzee and serial passage tn chimpanzees provided evidence that NANBH was 

15 due to a transmissible infectious agent or agents. Epidemiologic evidence suggested that there may be three 
types of NANBH: a water-borne epidemic type; a blood-borne or parenteral^ transmitted type; and a sporadi- 
cally occurring (community acquired) type. However, until recently, no transmissible agent responsible for 
NANBH had been identffied, and clinical diagnosis and identification of NANBH had been accomplished prim- 
ary by exclusion of other viral markers. Among the methods used to detect putative NANBH antigens and anti- 

20 bodies were agar-gel dffTusfon, counterimmunoelectrophoresis, immunofluorescence microscopy, immune 
electron microscopy, radioimmunoassay, and enzyme-linked Immunosorbent assay. However, none of these 
assays proved to be sufficiently sensitive, specific, and reproducible to be used as a diagnostic test for NANBH. 

In 1987, scientists at Chiron Corporation (the owner of the present application) identified the first nucleic 
add definitively finked to blood-borne NANBH. See, e.g., EPO Pub. No. 318,216; Houghton et aL, Science 

25 244: 359 (1989). These publications describe the cloning of an isolate from a new viral class, hepatitis C virus 
(HCV), the prototype isolate described therein being named W HCV1." HCV is a HavMike virus, with an RNA 
genome. 

U.S. Patent Application Serial No. 456,637 (Houghton et aL), Incorporated herein by reference, describes 
the preparation of various recombinant HCV polypeptides by expressing HCV cDNA and the screening of those 

30 polypeptides for immunological reactivity with sera from HCV patients. That limited screening showed that at 
least five of the polypeptides tested were very immunogenic; specifically, those identified as 5-1-1, C100. C33c, 
CA279a, and CA290a. Of these five polypeptides, 5-1-1 is located in the putative NS4 domain; C100 spans 
the putative NS3 and NS4 domains; C33c is located within the putative NS3 domain and CA279a and CA290a 
are located within the putative C domain. The screening also showed that no single polypeptide tested was 

35 immunologically reactive with all sera. Thus, improved tests, which react with all or more samples from HCV 
positive individuals, are desirable. 

Disclosure of the Invention 

40 Applicants have carried out additional serological studies on HCV antigens that confirm that no single HCV 
polypeptide identified to date is bnmunologkaDy reactive with ail sera. This lack of a single polypeptide that is 
universally reactive with all sera from individuals with HCV may be due, inter alia, to strain-to-strain variation 
in HCV epitopes, variabBity in the humoral response from indrviduaMo^noVidual ami/or variation in serology 
with the state of the disease. 

45 These additional studies have also enabled applicants to identify combinations of HCV antigens that pro- 

vide more efficient detection of HCV antibodies than any single HCV polypeptide. 

Accordingly, one aspect of this invention is a combination of HCV antigens comprising: 

(a) a first HCV antigen from the C domain; and 

(b) at least one additional HCV antigen selected from the group consisting of 
so (i) an HCV antigen from the NS3 domain; 

<ii) an HCV antigen from the NS4 domain; 
(HI) en HCV antigen from the S domain; and 
(iv) an HCV antigen from the NS5 domain. 
In one embodiment, the combination of HCV antigens is in the form of a fusion protein comprised of the 
55 antigens. In an alternative embodiment the combination of antigens is in the form of the individual antigens 
bound to a common solid matrix. In still another embodiment the combination of antigens is in the form of a 
mixture of the individual antigens. 

Another aspect of the invention is a method for detecting antibodies to HCV in a mammalian body compo- 
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nent suspected of containing said antibodies comprising contacting said body component with the above-des- 
cribed combination of HCV antigens under conditions that permit antibody-antigen reaction and detecting the 
presence of immune complexes of said antibodies and said antigens. 

Another aspect of the invention is a method for detecting antibodies to HCV in a mammalian body compo- 
5 nent suspected of containing said antibodies comprising contacting said body component with a panel of HCV 
antigens, simultaneously or sequentially, comprising 

(a) a first HCV antigen from the C domain; and 

(b) at least one additional HCV antigen selected from the group consisting of 
(i) an HCV antigen from the NS3 domain; 

10 (fi) an HCV antigen from the NS4 domain; 

(iti) an HCV antigen from the S domain; and 

(iv) an HCV antigen from the NS5 domain under conditions that permit antibody-antigen reaction and 
detecting the presence of immune complexes of said antibodies and said antigens. 
Another aspect of the invention is a kit for carrying out an assay for detecting antibodies to HCV in a manv 
is malian body component suspected of containing sard antibodies comprising in packaged combination 

(a) said combination of HCV antigens; 

(b) standard control reagents; and 

(c) instructions for carrying out the assay. 

20 Brief Description of the Drawings 
In the drawings: 

Figure 1 te the nucleotide sequence of the cDNA sense and anti-sense strand for the HCV polyprotein and 
the amino acid sequence encoded by the sense strand. 
25 Figure 2 is a schematic of the amino acid sequence of Figure 1 showing the putative domains of the HCV 
polypeptide. 

Modes for Carrying Out the Invention 
30 Definitions 

"HCV antigen" Intends a polypeptide of at least about 5 amino acids, more usually at least about 8 to 10 
amino adds that defines an epitope found in an isolate of HCV. Preferably, the epitope is unique to HCV. When 
an antigen is designated by an alphanumeric code, the epitope is horn the HCV domain specified by the 
as alphanumeric 

"Synthetic" as used to characterize an HCV antigen intends that the HCV antigen has either been isolated 
from native sources or man-made such as by chemical or recombinant synthesis. 

"Domains" intends those segments of the HCV polyprotein shown in Figure 2 which generally correspond 
to the putative structural and nonstructural proteins of HCV. Domain designations generally follow the conven- 
40 tion used to name Bavhriral proteins. The locations of the domains shown in Figure 2 are only approximate. 
The designations "NS" denotes "nonstructural" domains, while "S" denotes the envelope domain, and "C" 
denotes the nucieocapsid or core domain. , 

"Fusion polypeptide" intends a polypeptide in which the HCV anbgen(s) are part of a single continuous 
chain of amino acids, which chain does not occur in nature. The HCV antigens may be connected directly to 
45 each other by peptide bonds or be separated by intervening amino acid sequences. The fusion polypeptides 
may also contain amino acid sequences exogenous to HCV. 

"Common solid matrix" intends a solid body to which the individual HCV antigens or the fusion polypeptide 
comprised of HCV antigens are bound covalentty or by noncovalent means such as hydrophobic adsorption. 

"Mammalian body component" intends a fluid or tissue of a mammalian Individual (e.g., a human) that corn- 
so monly contains antibodies produced by the individual. Such components are known in the art and Include, with- 
out limitation, blood, plasma, serum, spinal fluid, lymph fluid, secretions of the respiratory, intestinal or 
genitourinary tracts, tears, saliva, milk, white blood cells, and myelomas. 

Immunologically reactive* means that the antigen in question will react specifically with anti-HCV antibody 
commonly present in a significant proportion of sera from individuals infected with HCV. 
55 Immune complex" intends the combination or aggregate formed when an antibody binds to an epitope on 

an antigen. 
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Combinations of HCV Antigens 

Figure 2 shows the putative domains of the HCV polyprotein. The domains from which the antigens used 
in the combinations derive are: C, S (or E), NS3, NS4, and NS5. The C domain is believed to define the nuc- 

5 leocapsid protein of HCV. It extends from the N-termlnal of the polyprotein to approximately amino acid 120 of 
Figure 1. The S domain is believed to define the virion envelope protein, and possibly the matrix (M) protein, 
and is believed to extend from approximately amino acid 120 to amino acid 400 of Figure 1. The NS3 domain 
extends from approximately amino acid 1 050 to amino acid 1 640 and is believed to constitute the viral protease. 
The NS4 domain extends from the terminus of NS3 to approximately amino acid 2000. The function of the NS4 

10 protein is not known at this time. Finally, the NS5 domain extends from about amino acid 2000 to the end of 
the polyprotein and is believed to define the viral polymerase. 

The sequence shown in Figure 1 is the sequence of the HCV1 isolate. It is expected that the sequences 
of other strains of the blood-borne HCV may differ from the sequence of Figure 1, particularly In the envelope 
(S) and nucleocapsid (C) domains. The use of HCV antigens having such differing sequences is intended to 

15 be within the scope of the present invention, provided, however, that the variation does not significantly degrade 
the irnmunological reactivity of the antigen to sera from persons infected with HCV. 

In general, the HCV antigens will comprise entire or truncated domains, the domain fragments being readily 
screened for antigenicity by those skilled In the art The individual HCV antigens used in the combination wilt 
preferably comprise the immunodominant portion (Le., the portion primarily responsible for the immunological 

30 reactivity of the polypeptide) of the stated domain. In the case of the C domain it is preferred that the C domain 
antigen comprise a majority of the entire sequence of the domain. The antigen designated C22 (see Example 
4, infra), is particularly preferred. The S domain antigen preferably includes the hydrophobic subdomain at the 
N-terminal end of the domain. This hydrophobic subdomain extends from approximately ammo acid 199 to 
amino add 328 of Figure 1. The HCV antigen designated S2 (see Example 3, infra), is particularly preferred. 

25 Sequence downstream of the hydrophobic subdomain may be included In the S domain antigen if desired. 

A preferred NS3 domain antigen is the antigen designated C33a That antigen includes ammo acids 1 192 
to 1457 of Figure 1. A preferred NS4 antigen is C1 00 which comprises amino acids 1569 to 1931 of Figure 1. 
A preferred NS5 antigen comprises amino acids 2054 to 2464 of Figure 1. 

The HCV antigen may be in the form of a polypeptide composed entirely of HCV amino add sequence or 

30 it may contain sequence exogenous to HCV (i.e., it may be in the form of a fusion protein that includes exogen- 
ous sequence). In the case of recombinantiy produced HCV antigen, producing the antigen as a fusion protein 
such as with SOD, alpha-factor or ubiquitin (see commonly owned U.S. Pat No. 4,751,160, U.S. Pat No. 
4,870,008 and U.S. Pat Application Serial. No. 390,599. filed 7 August 1989, the disclosures of which are Incor- 
porated herein, which describe expression of SOD, alpha-factor and ubiquitin fusion proteins) may increase 

35 the level of expression and/ or increase the water solubDity of the antigen. Fusion proteins such as the alpha* 
factor and ubiquitin fusion are processed by the expression host to remove the heterologous sequence. Alpha- 
factor is a secretion system, however, while ubiquitin fusions remain in the cytoplasm. 

Further, the combination of antigens may be produced as a fusion protein. For instance, a continuous frag- 
ment of DNA encoding C22 and C33c may be constructed, cloned into an expression vector and used to express 

40 a fusion protein of C22 and C33c In a simdar manner fusion proteins of C22 and C100; C22 and S2; C22 and 
an NS5 antigen; C22, C33c, and S2; C22. C100 and S2, and C22, C33c, C100. and S2 may be made. Alter- 
native fragments from the exemplified domain may also be used. 

Preparation of HCV Antigens 

45 

The HCV antigens of the invention are preferably produced recombinantiy or by known solid phase chem- 
ical synthesis. They may. however, also be isolated from dissociated HCV or HCV particles using affinity 
chromatography techniques employing antibodies to the antigens. 

When produced by recombinant techniques, standard procedures for constructing DNA encoding the anti- 
so gen, cloning that DNA into expression vectors, transforming host cells such as bacteria, yeast, insect, or mam- 
malian cells, and expressing such DNA to produce the antigen may be employed As indicated previously, it 
may be desirable to express the antigen es a fusion protein to enhance expression, facilitate purification, or 
enhance solubility. Examples of specific procedures for producing representative HCV antigens are described 
in the Examples, infra, and in parent application Serial No. 456,637. 

55 

Formulation of Antigens for Use in Immunoassay 

The HCV antigens may be combined by producing them In the form of a fusion protein composed of two 
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or mom of the antigens, by immobilizing them individually on a common solid matrix, or by physJcaOy mixing 
them. Fusion proteins of the antigen may also be immobilized on {bound to) a solid matrix. Methods and means 
for covalentJy or noncovaJentiy binding proteins to solid matrices are known in the art The nature of the solid 
surface will vary depending upon the assay format For assays carried out in microtiter wells, the solid surface 

5 wOl be the wail of the well or cup. For assays using beads, the solid surface will be the surface of the bead. In 
assays using a dipstick (i.e., a solid body made from a porous or fibrous material such as fabric or paper) the 
surface wiD be the surface of the material from which the dipstick te made. In agglutination assays the solid 
surface may be the surface of latex or gelatin particles. When individual antigens are bound to the matrix they 
may be distributed homogeneously on the surface or distributed thereon in a pattern, such as bands so that a 

io pattern of antigen binding may be discerned. 

Simple mixtures of the antigens comprise the antigens in any suitable solvent or dispersing medium. 

Assay Formats Using Combinations of Antigens 

is The HCV antigens may be employed in virtually any assay format thai employs a known antigen to detect 
antibodies. A common feature of alt of these assays Is that the antigen is contacted with the body component 
suspected of containing HCV antibodies under conditions that permit the antigen to bind to any such antibody 
present m the component Such conditions win typically be physiologic temperature, pH and ionic strength using 
an excess of antigen. The incubation of the antigen with the specimen is followed by detection of Immune com- 

so plexes comprised of the antigen. 

Design of the immunoassays is subject to a great deal of variation, and many formats are known in the art 
Protocols may, for example, use soft) supports, or immunoprecipitation. Most assays involve the use of labeled 
antibody or polypeptide; the labels may be, for example, enzymatic, fluorescent chemrtuminescent radio-ac- 
tive, or dye molecules. Assays whteh amplify the signals from the immune complex are also known; examples 

25 of which are assays which uffiize biotin and avldin, and enzyme-labeled and mediated immunoassays, such 
as EtlSA assays. 

The immunoassay may be, without (imitation, in a heterogenous or in a homogeneous format, and of a stan- 
dard or competitive type. In a heterogeneous format, the polypeptide is typically bound to a solid matrix or sup- 
port to facilitate separation of the sample from the polypeptide after incubation. Examples of solid supports that 
30 can be used are nitroceiluJose (e.g„ in membrane or microtiter weP form), polyvinyl chloride (e.g., in sheets or 
rnicroffler wells), polystyrene latex (e.g., in beads or microtiter plates, polyvinylidine fluoride (known as immu- 
lon*"), diazouzed paper, nylon membranes, activated beads, and Protein A beads. For example, Dynatech 
lrnmulon , » 1 or Immulon™ 2 microtiter plates or 0.25 inch polysterene beads (Precision Plastic Ball) can be 
used in the heterogeneous format The solid support containing the antigenic polypeptides is typically washed 
35 after separating it from the test sample, and prior to detection of bound antibodies. Both standard and com- 
petitive formats are known in the art 

In a homogeneous format the test sample is incubated with the combination of antigens In solution. For 
example, it may be under conditions that wffl precipitate any antigen-antibody complexes which are formed. 
Both standard and competitive formats for these assays are known in the art - 

In a standard format the amount of HCV antibodies forming the antibody-antigen complex is directly moni- 
tored. This may be accomplished by determining whether labeled antf-xenogemc (e.g., anti-human) antibodies 
which recognize an epitope on anti-HCV antibodies will bind due to complex formation. In a competitive format 
the amount of HCV antibodies in the sample is deduced by monitoring the competitive effect on the binding of 
a known amount of labeled antibody (or other competing ligand) in the complex. 

Complexes formed comprising anti-HCV antibody (or, in the case of competeuve assays, the amount of 
competing antibody) are detected by any of a number of known techniques, depending on the format For 
example, unlabeled HCV antibodies in the complex may be detected using a conjugate of antixenogeneic Ig 
complexed with a label, (e.g. t an enzyme label). 

In an immunoprecipitation or agglutination assay format the reaction between the HCV antigens and the 
» antibody forms a network that precipitates from the solution or suspension and forms a visible layer or fHm of 
precipitate, tf no antt-HCV antibody is present in the test specimen, no visible precipitate is formed. 

The HCV antigens wiD typically be packaged in the form of a kit for use in these immunoassays. The kit 
win normalry contain In separate containers the combination of antigens (ather already bound to a solid matrix 
or separate with reagents for binding them to the matrix), control antibody formulations (positive and/or nega- 
55 live), labeled antibody when the assay format requires same and sJgnaJ generating reagents (e.g.. enzyme sub- 
strate) if the label does not generate a signal directly. Instructions (e.g., written, tape, VCR, CD-ROM, etc.) for 
carrying out the assay usually will be included in the kit 

The fotiowing examples are Intended to illustrate Ihe invention and are not intended to limit the invention 
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in any manner. 

Example 1: Synthesis of HCV Antigen C33c 

5 HCV antigen C33c contains a sequence from the NS3 domain. Specifically, it includes amino acids 1 1 92- 

1457 of Figure 1. This antigen was produced in bacteria as a fusion protein with human superoxide dismutase 
(SOD) as follows. The vector pSODcfl (Stelner et aJ. (1986), J. Virol. 58:9) was digested to completion with 
EcoRI and BamHI and the resulting EcoRl.BamHI fragment was llgated to the following linker to form pcflEF: 

10 GATC CTG GAA TTC TGA TAA 

<5AC CTT AAG ACT ATT TTA A 

A cDNA done encoding amino acids 1192-1457 and having EcoRI ends was inserted into pcflEF to form 

15 pcf 1 EF/C33c This expression construct was transformed into D121 0 E.coll cells. 

The bransfbrmants were used to express a fusion protein comprised of SOD at the N-terminus and in-frame 
C33c HCV antigen at the C-terminus. Expression was accomplished by inoculating 1 500 ml of Luna broth con- 
taining ampicillin (100 micrograms/rnl) with 15 ml of an overnight culture of the transformants. The cells were 
grown to an O.D. of 0,3, IPTG was added to yield a final concentration of 2 mM. and growth continued until the 

20 cells attained a density of 1 O.D., at which time they were harvested by centnfugation at 3,000 x g at 4°C for 
20 minutes. The packed cells can be stored at -80°C for several months. 

In order to purify the SOD-C33c polypeptide the bacterial cells in which the polypeptide was expressed 
were subjected to osmotic shock and mechanical disruption, the insoluble fraction containing SOD*C33c was 
isolated and subjected to differential extraction with an alkaline-Nad solution, and the fusion polypeptide in 

25 the extract purified by chromatography on columns of S-Sepharose and Q-Sepharose. 

The crude extract resulting from osmotic shock and mechanical disruption was prepared by the following 
procedure. One gram of the packed cells were suspended in 10 ml of a solution containing 0.02 M Tris HCt, 
pH 7.5. 10 mM EDTA, 20% sucrose, and incubated for 10 minutes on tee. The cells were then pelleted by cen- 
trifugation at 4,000 x g for 15 min at 4°C. After the supernatant was removed, the ceO pellets were resuspended 

so in 1 0 ml of Buffer A1 (0.01 M Tris HCI, pH 7.5, 1 mM EDTA. 14 mM beta-mercaptoethanol [BME]), and incubated 
on ice for 10 minutes. The cells were again pelleted at 4,000 x g for 15 minutes at 4°C. After removal of the 
dear supernatant (periplasmic fraction I), the cell pellets were resuspended in Buffer A1, incubated on ice for 
10 minutes, and again centrifuged at 4,000 x g for 15 minutes at 4°C.The clear supernatant (periplasmic fraction 
II) was removed, and the ceil pellet resuspended in 5 ml of Buffer A2 (0.02 M Tris HQ, pH 7.5, 14 mM BME. 

35 1 mM EDTA, 1 mM PMSF). In order to disrupt the cells, the suspension (5 ml) and 7-5 ml of Dyno-m31 lead-free 
acid washed glass beads (0.10-0.1 5 mm diameter)(obtained from Glen-MHIs, Inc.) were placed in a Falcon tube, 
and vortexed at top speed for two minutes, followed by cooling for at least 2 min on ice; the vortexing-cooling 
procedure was repeated another four times. After vortexing, the slurry was filtered through a sdntered glass 
funnel using low suction; the glass beads were washed two Gomes wan Buffer A2, and the filtrate and washes 

40 combined. 

The Insoluble fraction of the crude extract was collected by centrifugatfon at 20,000 x g for 15 min at 4*C, 
washed twice with 10 ml Buffer A2, and resuspended In 5 ml of M1LU-Q water. 

A fraction containing SOD-C33c was isolated from the insoluble material by adding to the suspension NaOH 
(2 M) and NaCI (2 M) to yield a final concentration of 20 mM each, vortexing the mixture for 1 minute, centrifuging 

4S it 20,000 x g for 20 min at 4°C, and retaining the supernatant 

In order to purify SOD-C33c on S-Sepharose, the supernatant fraction was adjusted to a final concentration 
of 6M urea, 0.05M Tris HCI, pH 7.5, 14 mM BME, 1 mM EDTA. This fraction was then applied to a column of 
S-Sepharose Fast Flow (1.5 x 10 cm) which had been equilibrated with Buffer B (0.05M Tris HCt, pH 7.5, 14 
mM BME, 1 mM EDTA). After application, the column was washed with two column volumes of Buffer B. The 

50 flow through and wash fractions were collected. The flow rate of application and wash, was 1 rrd/min; and col- 
lected fractions were 1 ml. In order to identify fractions containing SOD-C33C, aliquots of the fractions were 
analyzed by electrophoresis on 10% polyacrylamide gels containing SDS foDowed by staining with Coomassie 
blue. The fractions are also analyzable by Western blots. using an antibody directed against SOD. Fractions 
containing SOD-C33c were pooled. 

55 Further purification of SOD-C33c was on a Q-Sepharose column (1.5 x 5 cm) which was equilibrated with 

Buffer B. The pooled fractions containing SOD-C33c obtained from chromatography on S-Sepharose was 
applied to the column. The column was then washed with Buffer B, and eluted with 60 ml of a gradient of 0.0 
to 0.4 M NaCI in Buffer B. The flow rate for application, wash, and elution was 1 rnJ/min; collected fractions 
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were 1 ml. All fractions from the Q-Sepharose column were analyzed as described for the S-Sepharose column. 
The peak of SOD-C33c eluted from the column at about 0.2 M NaCI. 

The SOD-C33c obtained from the Q-Sepharose column was greater than about 90% pure, as judged by 
analysis on the polyacryfamide SDS gels and immunobtot using a monoclonal antibody directed against human 
s SOD. 

Example 2: Synthesis of HCV Antigen C1 00 

HCV antigen C100 contains sequences from the NS3 and NS4 domains. Specifically, it includes amino 
to acids 1 569-1 931 of Figure 1 . This antigen was produced in yeast A cONA fragment of a 1270 bp encoding the 
above amino acids and heaving EcoRI termini was prepared. 

The construction of a yeast expression vector In which this fragment was fused directly to the S. cerevisiae 
ADH2/GAP promoter was accomplished by a protocol which Included amplification of the C 100 sequence using 
a PCR method, followed by ligation of the amplified sequence Into a cloning vector. After cloning, the C100 
15 sequence was excised, and with a sequence which contained the AOH2/GAP promoter, was Hgated to a large 
fragment of a yeast vector to yield a yeast expression vector. 

The PCR amplification of C100 was performed using as template the vector pS3-56c 10 o», which had been 
linearized by digestion with Sail. pS3-56, which is a pBR322 derivative, contains an expression cassette which 
is comprised of the ADH2/GAPDH hybrid yeast promoter upstream of the human superoxide dismutase gene. 
20 and a downstream alpha factor transcription terminator. 

The oligonucleotide primers used for the amplification were designed to facflaate cloning into the expres- 
sion vector, and to introduce a translation termination codon. Specifically, novel 5'-Hindlll and 3'-Sall sites were 
generated with the PCR oligonucleotides. The oligonucleotide containing the Sail site also encodes the double 
termination codons, TAA and TGA. The oligonucleotide containing the Hlndlll site also contains an untranslated 
25 leader sequence derived from the pgap63 gene, situated immediately upstream of the AUG codon. The 
pEco63GAPDH gene is described by Holland and Holland (1 980) and by Kniskem et al. (1986). The PCR primer 
sequences used for the direct expression of C100m were: 

5 ' GAG TGC TCA AGC TTC AAA ACA AAA TGG CTC 
30 ACT TTC TAT CCC AGA CAA AGC AGA GT 3' 

and 

35 

5' GAG TGC TCG TCG ACT CAT TAG GGG GAA 
ACA TGG TTC CCC CGG GAG GCG AA 3 ' . 

40 Amplification by PCR, utilizing the primers, and template, was with a Cetus-Perkin-Elmer PCR kit, and was 
performed according to the manufacturer's directions. The PCR conditions were 29 cycles of 94°C for a minute, 
37*C for 2 minutes, 72*C for 3 minutes; and the final incubation was at 72°C for 10 minutes. The DNA can be 
stored at 4°C or -20°C overnight 

After amplification, the PCR products were digested with Hindlll and Sail. The major product of 1.1 kb was 

45 purified by electrophoresis on a gel, and the eluted purified product was tigated with a large Salf-Hindlll fragment 
of pBR322. In order to isolate correct recombinants, competent HB101 cells were transformed with the recom- 
binant vectors, and after doning, the desired recombinants were Identified on the bass of the predicted size 
of Hindlll- Sail fragments excised from the clones. One of the clones which contained the a Hindlll-SeJI fragment 
of the correct size was named pBR322/C100~d. Confirmation that mis clone contained amplified C100 was by 

so direct sequence analysis of the HindllKSail fragment 

The expression vector containing C100 was constructed by legating the HindlD-SaH fragment from 
pBR322/C100"d to a 13.1 kb BamHI-Sall fragment of pBS24.1, and a 1369 bm BamHI-Hindlll fragment con- 
taining the ADH2/ GAP promoter. (The latter fragment is described in EPO 164,556). The pBS24.1 vector is 
described in commonly owned U.S.S.N. 382,805 filed 19 July 1989. The ADH2/GAP promoter fragment was 

55 obtained by digestion of the vector pPGAP/AG/Hindlll with Hindlll and BamHI, followed by purification of the 
1 369 bp fragment on a gel. 

Competent HB101 cells were transformed with the recombinant vectors; and correct recombinants were 
identified by the generation of a 2464 bp fragment and a 13.1 kb fragment generated by BamHI and Sail diges- 
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tiori of the cloned vectors. One of the doned correct recombinant vectors was named pC1 0O"d#3. 

In order to express C1 00, competent cells of Saccharomvces cerevisiae strain AB1 22 (MATa Ieu2 ura3-53 
prb 1-1 122 pep4-3 prc1-407[tir*0]) were transformed with the expression vector pC1 00"d#3. The transformed 
cells were plated on URA-sorbltol, and individual transformants were then streaked on Leu* plates. 

5 Individual clones were cultured In Leu~, ura" medium with 2% glucose at 30°C for 24-36 hours. One liter 

of Yeast Extract Peptone Medium (YEP) containing 2% glucose was inoculated with 10 ml of the overnight cul- 
ture, and the resulting culture was grown at 30°C at an agitation rate of 400 rpm and an aeration rate of 1 L of 
air per 1 L of medium per minute (Le. t 1wm) for 48 hours. The pH of the medium was not controlled. The culture 
was grown in a BtoHo II fermentor manufactured by New Brunswick Science Corp. Following fermentation, the 

10 cells were isolated and analyzed for C1O0 expression. 

Analysis for expressed C1 00 polypeptide by the transformed cells was performed on total cell lysates and 
crude extracts prepared from single yeast colonies obtained from the Leu* plates. The cell lysates and crude 
extracts were analyzed by electrophoresis on SDS pofyacrylamide gets, and by Western blots. The Western 
blots were probed with rabbit polyclonal antibodies directed against the SOD-C100 polypeptide expressed in 

is yeast The expected size of the C 1 00 polypeptide is 364 amino acids. By gel analysts the expressed polypeptide 
hasaMW,of39.9K. 

Both analytical methods demonstrated that the expressed C100 polypeptide was present in total cell 
lysates, but was absent from crude extracts. These results suggest that the expressed C100 polypeptide may 
be insoluble. 

20 

Example 3: Expression of HCV Antigen S2 

HCV antigen S2 contains a sequence from the hydrophobic N-terminus of the S domain. It includes amino 
acids 199-328 of Figure 1. 

25 The protocol for the construction of the expression vector encoding the S2 polypeptide and for its expres- 

sion in yeast was analogous to that used for the expression of the C100 polypeptide, described in Example 2. 

The template for the PCR reaction was the vector pBR322/Pi14a. which had been linearized by digestion 
with Hindlll. Pi14a is a cDNA clone that encodes amino acids 199-328. 

The oligonucleotides used as primers for the amplification by PCR of the S2 encoding sequence were the 
30 following. 

For the 5 '-region of the S2 sequence: 

5 * GAG TGC TCA AGC TTC AAA ACA AAA TGG GGC TCT 
35 ACC ACG TCA CCA ATG ATT GCC CTA AC 3'; 

and 

40 

for the 3 ' -region of the S2 sequence: 

5 'GAG TGC TCG TCG ACT CAT TAA GGG GAC CAG TTC 
ATC ATC ATA TCC CAT GCC AT 3 r . 

45 

The primer for the 5'-regk>n introduces a Hindlll site and an ATG start codon Into the amplified product The 
primer for the 3'-region introduces translation stop codons and a Sail site into the amplified product 

The PCR conditions were 29 cycles of 94°C for a minute, 37°C for 2 minutes, 72°C for 3 minutes, and the 
final incubation was at 72°C for 10 minutes. 
» The main product of the PCR reaction was a 413 bp fragment which was gel purified. The purified fragment 
was ligated to the large fragment obtained from pBR322 digested with Hindlll and Sail fragment, yielding the 
plasmid pBR322/S2d. 

Ligation of the 413 bp Hindllt-Salt S2 fragment with the 1.36 kb BamHI- Hindi II fragment containing the 
ADH2/GAP promoter, and with the large BamHI-Sall fragment of the yeast vector pBS24.1 yielded recombinant 
55 vectors, which were cloned. Correct recombinant vectors were identified by the presence of a 1.77 kb fragment 
after digestion with BamHI and Sail. An expression vector constructed from the amplified sequence, and con- 
taining the sequence encoding S2 fused directly to the ADH2/GAP promoter is identified as pS2d#9. 

B 
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Example 4: Synthesis of HCV C Antigen 

HCV antigen C22 is from the C domain. It comprises amino acids 1-122 of Figure 1. 

The protocol for the construction of the expression vector encoding the C polypeptide and for its expression 
In yeast was analogous to that used for the expression of the CI 00 polypeptide* described supra, except for 
the following. 

The template for the PCR reaction was pBR322/ Ag30a which had been linearized with Hindi II, Ag30 is a 
cDN A clone that encodes amino acids 1-122, The oligonucleotides used as primers for the amplification by PCR 
of the C encoding sequence were the following. 

For the 5 '-region of the C sequence: 

5' GAG TGC AGC TTC AAA ACA AAA TGA GCA CGA 
ATC CTA AAC CTC AAA AAA AAA AC 3' , 

and 

for the 3 '-region of the C sequence: 

5' GAG TGC TCG TCG ACT CAT TAA CCC AAA TTG CGC 
GAC CTA CGC CGG GGG TCT GT 3 ' • 

The primer for the 5'-regton introduces a Hindlll site into the amplified product, and the primer for the 3'-regton 
introduces translation stop codons and a Sail site. The PCR was run for 2d cycles of 94°C for a minute, 37°C 
for 2 minutes, 72°C for 3 minutes, and the final incubation was at 72°C for 10 minutes. 

The major product of PCR amplification is a 381 bp polynucleotide. Ligation of this fragment with the Sa- 
tl-HindDI large Sall-Hfndlll fragment of pBR322 yielded the ptasmid pBR322/C2. 

Ligation of the 381 bp Wndlll-Sall C coding fragment excised from pBR322/C2 with the 1.36 kb BamHl- 
Htndltl fragment containing the ADH2/GAP promoter, and with the large BamHI-Sall fragment of the yeast vec- 
tor pBS24.1 yielded recombinant vectors, which were cloned. Correct recombinant vectors were identified by 
the presence of a 1 .74 kb fragment after digestion with BamHI and Sail. An expression vector constructed from 
the amplified sequence, and containing the sequence encoding C fused directly to the ADH2/GAP promoter is 
identified as pC2Z 

Analysis for expressed C polypeptide by the transformed cells was performed on total cell tysates and crude 
extracts prepared from single yeast colonies obtained from the Leu" plates. The cell rysates and crude extracts 
were analyzed by electrophoresis on SDS poryacrylarrode gels. The C polypeptide is expected to have 122 
amino acids and by get analysis the expressed polypeptide has a MW r of approximately 13.6 Kd. 

Example 5: Synthesis of NS5 Polypeptide 

This polypeptide contains sequence from the N-terminus of the NS5 domain. Specifically it includes amino 
acids 2054 to 2464 of Figure 1. The protocol for the construction of the expression vector encoding the NS5 
polypeptide and for its expression were analogous to that used for the expression of C33c (see Example 1). 

Example 6: Radioimmunoassay (RtA) for Antibodies to HCV 

The HCV antigens of Examples 1-5 were tested In an RJA format for their ability to detect antibodies to 
HCV In the serum of individuals clinically diagnosed as having HCV (Non-A, Non-B) and in serum from blood 
given by paid blood donors. 

The RIA was based upon the procedure of Tsu and Herzenber g (1 980) in SELECTED METHODS IN CEL- 
LULAR IMMUNOLOGY (W.H. Freeman & Co.), pp. 373-391. Generally, microliter plates (Imrnulon 2, 
Removawetl strips) are coated with purified HCV antigen. The coated plates are incubated with the serum sam- 
ples or appropriate controls. During incubation, antibody, if present, is immunologically bound to the solid phase 
antigen. After removal of the unbound material and washing of the microt&er plates, complexes of human anti- 
body-WAN BV antigen are detected by incubation with 125 Mabeled sheep anti-human immunoglobulin. Unbound 
labeled antibody is removed by aspiration, and the plates are washed. The radioactivity in individual wells is 

9 
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determined; the amount of bound human anti-HCV antibody is proportional to the racfioactivity in the well. 

Specifically, one hundred microliter aliquots containing 0.1 to 0.5 micrograms of the HCV antigen in 0.125 
M Na borate buffer. pH 8.3, 0.075 M NaCI (BBS) was added to each welt of a microliter plate (Dynatech Immulon 
2 Removawetl Strips). The plate was incubated at 4°C overnight in a humid chamber, after which, the antigen 
solution was removed and the wells washed 3 times with BBS containing 0.02% Triton X-100 (BBST). To pre- 
vent non-specific binding, the weUs were coated with bovine serum albumin (BSA) by addition of 100 microliters 
of a 5 mg/ml solution of BSA in BBS followed by incubation at room temperature for 1 hour, after this incubation 
the BSA solution was removed. The antigens in the coated welts were reacted with serum by adding 100 micro- 
liters of serum samples diluted 1:100 in 0.01 M Na phosphate buffer, pH 7.2, 0.15 M NaCI (PBS) containing 10 
mg/ml BSA, and Incubating the serum containing wells for 1 hr at 37°C. After incubation, the serum samples 
were removed by aspiration, and the weUs were washed 5 times with BBST. Antibody bound to the antigen 
was determined by the binding of 125 Wabeled F'fabfe sheep anti-human IgG to the coated wells. Aliquots of 
100 microliters of the labeled probe (specific activity 5-20 microcuries/microgram) were added to each well, 
and the plates were incubated at 37°C for 1 hour, followed by removal of excess probe by aspiration, and 5 
washes with BBST. The amount of radioactivity bound in each well was determined by counting in a counter 
which detects gamma radiation. 

Table 1 below presents the results of the tests on the serum from Individuals diagnosed as having HCV. 
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IS 



AVH « acute viral hepatitis 

CVH » chronic viral hepatitis 

PTVH - post-transfusion viral hepatitis 

IVDA = intravenous drug abuser 

crypto = cryptogenic hepatitis 

NOS = non-obvious source 

P = positive 

N = negative 



Per these results, no single antigen reacted with aO sera. C22 and C33c were the most reactive and S2 
20 reacted with some sera from some putative acute HCV cases with which no other antigen reacted. Based on 
these results, the combination of two antigens that would provide the greatest range of detection is C22 and 
C33c If one wished to detect a maximum of acute infections, S2 would be included in the combination. 

Table 2 below presents the results of the testing on the paid blood donors. 
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The results on the paid donors generally confirms the results from the sera of infected individuals. 



Example 7: EUSA Determinations of HCV Antibodies Using Combination of HCV Antigens 

40 Plates coated with a combination of C22 and C33c antigens are prepared as follows, A solution containing 
coating buffer (50mM Na Borate, pH 9.0), 21 ml/plate, BSA (25 micrograms/mi), C22 and C33c (2^0 microg- 
rarns/ml each) is prepared just prior to addition to the RemoveaweO tmmuJon I plates (Dynatech Corp.). After 
mixing for 5 minutes, 0.2ml/weD of the solution is added to the plates, they are covered and incubated for 2 
hours at 37°C, after which the solution is removed by aspiration. The welts are washed once with 400 microliters 

45 wash buffer (100 mM sodium phosphate. pH 7.4, 140 mM sodium chloride. 0.1% (W/V) casein, 1% (VWV) Triton 
x-100, 0.01 % (W/V) Thimerosal). After removal of the wash solution. 200 micrditers/well of Postcoat solution 
(10 mM sodium phosphate, pH 7.2, 150 mM sodium chloride, 0.1% (w/v) casein, 3% sucrose and 2 mM 
phenylmethylsulfonytfluoride (PMSF)) is added, the plates are loosely covered to prevent evaporation, and are 
allowed to stand at room temperature for 30 minutes. The wells are then aspirated to remove the solution, and 

so lyophilized dry overnight, without shelf heating. The prepared plates may be stored at 2-8«C in sealed aluminum 
pouches with dessicant (3 g Sorb-it™ packs). 

In order to perform the EUSA determination, 20 microliters of serum sample or control sample is added to 
a well containing 200 microliters of sample diluent (100 mM sodium phosphate, pH 7.4, 500 mM sodium 
chloride, 1 mM EDTA, 0.1%(VWV) Casein, 0.01% (W/V) Thimerosal, 1% (W/V) Triton X-100, 100micrograms/ml 

55 yeast extract). The plates are sealed, and are incubated at 3rc for two hours, after which the solution is 
removed by aspiration, and the wells are washed three times with 400 microliters of wash buffer (phosphate 
buffered saline (PBS) containing 0.05% Tween 20). The washed wells are treated with 200 micro! iters of mouse 
anti-human-lgG-horse radish peroxidase (HRP) conjugate contained in a solution of Ortho conjugate diluent 

23 
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(10 mM sodium phosphate, pH 7.2, 150 mM sodium chloride. 50° (V/V) fetal bovine serum, 1% (V7V) heat 
treated horse serum, 1 mM KaFetCN)* 0.05% (W/ V) Tween 20, 0.02% (W/V) Thimerosai). Treatment is for 1 
hour at 37°C, the solution is removed by aspiration, and the wells are washed three times with 400 ml wash 
buffer, which Is also removed by aspiration. To determine the amount of bound enzyme conjugate, 200 micro- 
5 liters of substrate solution (10 mg Ophenylenediamine ^hydrochloride per 5 ml of Developer solution) is added. 
Developer solution contains 50 mM sodium citrate adjusted to pH 5.1 with phosphoric acid, and 0.6 microlK 
ters/ml of 30% H 2 0 2 . The plates containing the substrate solution are incubated in the dark for 30 minutes at 
room temperature, the reactions are stopped by the addition of 50 microliters/rnl 4N sulfuric add. and the ODs 
determined. 

10 In a similar manner, EUSAs using fusion proteins of C22 and C33c, and C22, C33c, and S2 and combi- 
nations of C22 and C100. C22 and S2, C22 and an NS5 antigen, C22, C33c, and S2, and C22, C100, and S2 
may be carried out 

Modifications of the above-described modes for carrying out the invention that are obvious to those of skill 
in the fields of molecular biology, immunology, and related fields are intended to be within the scope of the foi- 
ls lowing claims. 



Claims 

20 1. A combination of synthetic hepatitis C viral (HCV) antigens comprising; 

(a) a first HCV antigen from the C domain; and 

(b) at least one additional HCV antigen selected from the group consisting of 
(i) an HCV antigen from the NS3 domain; 

(B) an HCV antigen from the NS4 domain; 
25 (in) an HCV antigen from the S domain; and 

(iv) an HCV antigen from the NS5 domain, 

2. A combination of synthetic hepatitis C viral (HCV) antigens comprising: 

(a) a first HCV antigen consisting essentially of the C domain; and 
30 (b) a second HCV antigen from the NS3 domain. 

3. The combination of claim 2 wherein the first HCV antigen is C22 and the second HCV antigen is C33c 

4. The combination of claim 2 including (c) a third HCV antigen from the S domain. 

35 

5. The combination of daim 3 including (c) HCV antigen S2. 

a A combination of synthetic HCV antigens comprising: 

(a) a first HCV antigen consisting essentially of the C domain; and 
40 (b) a second HCV antigen from the NS4 domain, 

7. The combination of daim 6 wherein the first HCV antigen is C22 and the second HCV antigen is C100. 

a The combination of daim 6 including (c) a third HCV antigen from the S domain. 

45 

9. The combination of daim 7 induding (c) HCV antigen S2. 

10. The combination of claim 1 , 2. 3. 4, 5, 6, 7, 8 or 9 wherein the combination is in the form of a fusion polypep- 
tide. 

so 

11. The combination of daim 1, 2, 3, 4, 6, 6, 7, 8 or 9 wherein the combination is in the form of said first HCV 
antigen and said additional antigens individually bound to a common solid matrix. 

12. The combination of claim 11 wherein the solid matrix is the surface of a microliter plate welt, a bead or a 
55 dipstick. 

13. The combination of daim 1, 2, 3, 4, 5, 6, 7, 8 or 9 wherein the combination is in the form of a mixture of 
said first HCV antigen and said additional HCV antigen(s). 
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14. A method for detecting antibodies to hepatftis C virus (HCV) in a mammalian body component suspected 
of containing said antibodies comprising contacting said body component with the combination of synthetic 
HCV antigens of claim 1 . 2, 3, 4. 5, $. 7, 8, 9, 1 0. 1 1 , 12. or 13 under conditions that permit antibody-antigen 
reaction and detecting the presence of Immune complexes of said antibodies and said antigens. 

15. A method for detecting antibodies to hepatitis C virus (HCV) in a mammalian body component suspected 
of containing said antibodies comprising contacting said body component with a panel of synthetic HCV 
antigens comprising: 

(a) a first HCV antigen from the C domain; and 

(b) at least one additional HCV antigen selected from the group consisting of 
(9 an HCV antigen from the NS3 domain; 

(if) an HCV antigen from the NS4 domain; 
(to) an HCV antigen from the S domain; and 

(iv) an HCV antigen from the NS5 domain under conditions that permit antibody-antigen reaction 
and detecting the presence of immune complexes of said antibodies and said antigens. 

16. A kit for carrying out an assay for detecting antibodies to hepatitis C antigen (HCV) in a mammalian body 
component suspected of containing said antibodies comprising in packaged combination: 

(a) the combination of synthetic HCV antigens of any one of claims 1-13; 

(b) standard control reagents; and 

(c) instructions for carrying out the assay. 
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-341 GCCAGCCCCCTGATGGGGGCGA 
CGGT0GGGCGACTACCCCC3C7 

- 3 1 ? CACTCCACCATGAATCACrC"Z»rGTGAGGAACtACTGtCTTCACCCACAAAGCGTCTAG 

G7GAGGTGGTACTTAGTGAGGGGACACTC C7TG A7G AC AG AAGTGCG7CTTTCGCAGA7C 

-259 CCATGCCGTTAGTATGAGTG7CCI3CAG CCTCCAGGAC C C CCCCTCCCGCC ACAGCCA7A 
C^TACCSC^TCATACTCAC^GCACCTCCGAGCTCCrGCCCXa^^ 

-199 vTGCTCTGCGGAACCGGTGAGTACACCGGAATTCCCAGGACGACCGSGTCCTTTCTTGGA 
CACCAGACGCCTK^CCACTCATGTGGCCrrAA 

- 1 39 TCAACCCGCrCAATGCCTGGAGATTTGGGCGIGCCCCCGCAAGACTGCTAGCCGAGTAGT 
AGTTGGGCGAGTTACGGACCTCTAAACCCoCACGGGGGCGrrCTGACGATCGGCTCATCA 

-"9 GrTGGGTCGCGAAAGGCCTTGTGGTACrCTCCTGATAGGGTGCTTGCG 

CAACCCAGCGCTTTCCGGAACACCATCACGGACTATCCCACGAACGCTCACGGGGCCCTC 

- 19 GTCTCGTAGACCGTGCACC 

CACAGCATCTCCCACGTGG 
— Arg Thr 

% >^tS<LrThrAsnPrcLysPrcCliiLy^ 

- ATG AGCACG AATC C T AAACCTCAAAAAAAAAACAAACG T AACACCAACCGTCG CC CAC AG 
TACTCSTGCrTAGGATTrGGACTTI TllUX TTGTTTGCATT G T GG IT G GCAGCGGGTGTC 



61 
121 



4 21 



A«pValLysPhePrcGlyGlyGlyGliiIleV>lGlyGlyValTyrI^ul^u?raArcAre 
GACGTC^AGTTCCCCSGCTCGCGGTCAGATCGTTGGTGG AGTTTACTTGTTG CCCCGCAGC 
CTGCAGTTCAAGGG CCCACCGCCAGTCTAGCAACCACCTCAAATGAACAACGGCGCGTCC 



CCGGGATCTAACCCACACGCGCGCTGCTCTTTCTGAAGGCTCGCCAG^GTTCGAGCTCCA 

181 AGACGTCAGCCTATCCCCAAGGCTCCTCGGCCCGAGGGCAGGACCTGGGCTCAGCCCGGG 
TCTGCAGTCGGATAGGGGTTCCGAGCAGCCGGGCTCCCGTCCTGGACCCGAGTC3GGCCC 

TyxProTrpPral^uTyrGlyAsnGluGlyCysGl^ 

TACCw^TGGCCCCTCTATGGCAATGAGGGCTGCGGGTGGGCGGGATGGCTCCT G TCT C CC 
AK^AACCGGGGACAZACCGKACrCCCGACCCCOUCCCGCCCTACCCAGGACAGACGG 

ArgGlySerArgProSeiTrpClyPrcThrA^pProArgAr^ArgSerArgAsnLtt'^Gly 

CGTGGCTCTCGGCCTAGCTGGGv:rrrrAr^r.Arrrrr.r'?rv^T?i^r^r»or*^r*x *imm*-v»**— 



301 COTGG 
GCACC 



361 




TTCCA3TACCTATGGGAATGCACGCCGAAGCGGCTGGAGTACCCCATGTATGGCCAGCAG 

v*GCGC.CCTCTXGGAGGCGCTGCCAGGGCCCTGGCGCArGGCGTCCGGGT?C?GGAAGAC 
CCGCGGGGAGAACCTCCGCGACG3TCCCGG5ACCGCCTACCGCAGGCCCAAGACCTTCTG 



Thr 



4 81 GSCGTGAACrATCCAACAGGGAAOCTTCCTGGTIGCTCTTCCTCTATCTTCCTTCTGGCC 
C Co CACTTG A T ACG TTCTC C C T TGGAAGG AC CAACGAG AAAG AG ATAGAACCAAGACCCC 

1 -^ CT - T CTTG<n?GACTG7^^ 

GACGAGACAACGAACTGACACGGGCCAAGCCSCATGGTrCACGCGTTGAGGTCCCCCGAA 

3^" isVa -^fAsnAppCysPrcAsr.SerSer:ZeValTyrt51UAlaAlaAspAiaIle 
601 . ACCACGTCACCAA TGATTGC CCTAAC7CGAG7ATTGTGTACGAGGCGGCCGATGCCATC 
ATGCTCCAGTGCTTACTAACGGGATTCAGCrrATAACACATGCTCCCCCCCCTACGGTAG 



Figure 1 (Sheet 1 of 10) 
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LfcuHisrhrProGlyCycvaaPrcCvsValAra^icGlyAsriAlaSerArgCysrrpvaj. 
661 CTCCACACTCCGGCGTGCOTCC»T^C6TTCGISAGGvCAACGCCTCGAGGT3TTSC^TC 
GACG?S73A3GCCCGACGCASGGAACGCAAGCACXCCCGTTGCGGA5CTC£^^ 

AlauHe^jrPrcrhrValAlaThrArgAsp^ 
T:: 'JCGATG^CCCCTXCGGTGGCC^CC^GGG^rSGCAMCTCCCCGCGACGCAGCTTCCy^Gr 
CGCTAC TSGSG ATGCCACCGGXGG7CCC7AGCGTTTG AGGGGCGCTG CG7CGAAGCTSCA 

HiBlltABpLeal^uValGlyScrAlaThrlsuCysSerAlaLeuTSTValGlyAfipLeu 
TBI CACAXCGAlC7GCXTCTCGGGAGCGCCACCC7C7GT7CGGCCCTCTACGTCrSGGGACCTA 
G7GXAG CTAGACGAAGAGCCCTCGCGGXGGG AGACAAGCC3GGAGATGCACCCCCTGGAT 

CyaGljSttrValPhftl^uValGlyClnLcuPhcThrPheSerProArgArgHlfiTrpThr 
B41 rGCGGGTCXGXCTTTCXTCXCGCCCAACXG T rC ACCXTCTCTCCCAGGCGCCACTGGACG 
ACGCCCAGACAGAAAGAACAGCCGCTTGACAAGTGGAAGAGAGGGTCCGCGG^ 

XhrGlrXlyCysAsnCyiSexIleTyrPrc^yHlsllerhrGlyHlsArgaetAXaTrp 
901 ACGCAAGGTTGCAATTGCTCTA rCTATCCCGGCCAXATAACGGGTCACCGCATGGCATGG 
TGCGTTCCAACCTTAACGAGATAGAXACGGCCGGTArATTGCCCAGTCGCGTACCGTACC 

Val 

AspMetHetMetAsnri^SerProThrTtoAlal^uValHetAlaGlrXeuLeuArglle 

961 3atatgatga?gaactggtccccracgacggcgttggxaatggctca^tgctccggatc 
ctaxactactacttgaccaggggatgctgccgcaaccattaccgagtcgacgaggcctag 

ProGliiAXallel^uAspHe^IleAlaGlyAlaHi^TrpGlyVaireuUaClyXleAla 
10 Jl CCACAAGCCATCTTGGACATGATCGCTGGTGCTCACTGGGGAGXCCTGCCGGCCAXACCG 
GGTGTTCGGTAGAACCTGTACTAGCGACCACGAGTGACCCCTCJUSGACCGCCCGTATCGC 

TyrPheSerMetVa lClyAsnTrpAI aLysValLeuValVaJXeuL^uLeuPheAlaGly 
10B1 IATTTCTC(^TGGTGGGGAACTGGGCGAAGGTCCTGGTAGTGCTGCTGCTATTTGCCGGC 
AXAAAGAGGTACCACCCCXTGACCCGCTTCCAGGACCATCACGACGACGATAAACGGCC3 

VaLAspAlaGluThrHisValinrGlyGlySerAlaGlyHisThrValSerGlyPhfcVal 
114 1 GTCCACSCGGAAACCCACGTCACCX»GGGGAAGTGCCGGCQVCACTGTGTCTGGATTTgXX 
CAGCXGCGCCTTTGGCTGCAGTGGCCCCCXTCACGCCCGGXGTGACACAGACCTAAACAA 

Scrl^iitAuAlaProGlyAlaLysGlrUVcnVaiGlnLeuIlftAsnThrAsnGlyScrTrp 
12D1 AGCCTCCTCGCACCAGGCGCCAAGCAGAACGTCCAGCTGATCAACACCAACGGCAGTTGG 
XCGGAGGAGCGTGGXCCGCGGTTCGTCTTSCAGGXCGACTAGTIGXGGXXGCCGTCAACC 

Hi sLeuAsnSerThrAlaLeuAsnCysAsnAspSerLeuAsnThrGl yTrpLeuAlaGlv 
126 1 CACCTCAATAGCACGGCCCn^CXGCAATGAXA 

GXGGAGTrATCGTGCCGGGACTTGACGXXACTAICGGAGTIGXGGCCGACCAACCGTCCC 

l^uPheTyrHlsHlsLycFhaAsaSerferGIyCysProGluArgl^euAlaSerCysArg 
1321 CTTTTCXATCACCAOIAGTTCAACTCTTCAGGCTC 

GAAAAGAXAG7GGTGTTCAAGT7GAGAAGTCCGACJ\GGACTCTCCGAXCGGXCGAOGGCI 

ProLeuXhrAspPheAspGlnGlyXrpGlyProIleSerTyrAXaAsnGlySerGlyPro 

13 B 1 CCCCTTACCGATTTTG ACCAGGCCTGGG G C CCTATCAG TTATGCCAACGGAAG CGGCCCC 
GGGGAATGGCTAAAACTGGTCCCGACCCCGGGATAGTCAATACGGTTGCCTTCGCCGGGG 

AspGlnArgProTyrCysTrpHiar/rProPrcLysProCysGlylleValProAlaLys 

UA1 GACCACCGCCCCTACTGCTGGCACTACCCCCCAAAACCXTGCGGTAXXGTCCCCGCGAAG 
CXCGTwCCCCGCATCACCACCGTGATGGGGGGTTTTGCAACGCCATAr.CACGGGCGCXXC 

ServalCysClyProVallyrCysFheThrProSarProValValValClyThrXhrAsp 
I50i AGTG TG TG TCCTCCGG TATATTG CTTCACTCCCAGC CC CGTGGTGG TGGG AACGACCG AC 
TCACACACACCAGGCCATATAACGAAGrGAGGGTCCCGGCACCACCACCCTTGCTGGCTG 

ArgSerGlyAlaProXhrTyrScrTrpGIyGluAsnAapXhrAapValPhevalLeuAfiD 
1561 AGGTCGGGCGCGCCCACCTACAGCTGGGCXGAAAATGATACGGACGTCTTCGXCCTXAAC 
TCCAGCCCGCGCGGGXGGAXGrCGACCCCACTXTTACTATGCCTGCAGAAGCAGGJUVXXG 

Asn^jrArgProProUuGiyAsnTrpPheGly^ 

Figure 1 (sheet 2 of 10) 
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-t2_ PATACCAGCCCACCCCTGGGeAATTGGTTCGGTTGTACC^ 

TTATGGTCCGGTGGCGACCCGrrAACCAAGCCAACAXGGACCXACTTGAGTXGACCrAAG 

TtoLy*ValCy»GlyAlaPxoProC^*sV&lIlaGlyGlyAlaGlyAciiA*nThrLeuHis 
•€Bi ACCAAAGTt^GCGGAGCGCCTCCTTGTGTCATCGGAGGGGCGGGCAACAACACCCTGCAC 
IXWTrrCACACGCCTCGCGGAGGAACACAGIAGCCTCCCCGCCCGXTGTTGTGGGACGTG 

CyaPrcThrAspCyiPheAx?^y5Hi»PrcAspAUThriyrSarArgCy3Gl7S«rGly 
l"4l TGCCCCACXGAXXCCTXCCGCAAGCAXCCGGACGCCACATACTCTCGGTC CGGCTCCGGT 
ACGGGGTGACTMCGAAGGCGTrCGTAGGCCTGCGGTGTATGAGAGCCACGCCGAGGCCA 

llm 

ProxrpI^uX^PrQArqCysI^uValAspTixProTyrArcLeuTrpHisTvrProCya 
x 30 1 ccxtggatcacacccaggtgcctggtcgactacccgta1aggc1ttggca 
gkacctagtctgggtccao;gaccagctgaxgggcaiatccga^ 

ThxIleAsnTyrTteliePheLysIlaArgMetTyr^ 
1B61 ACCATCAACTACACCATATTTAAAATCAGGAIGTACGTGGGAGGGoTCGAACAC^ 
TGCXAGTTGATGXGGTATAAATTTTAGTCCTACATGCACCCTCCCCA^ 

GluAlaAlaCysAsoTrpThrArgGlyGluArgCysAxpXAuG 
1921 GAAGCTGCCTGCAACTGGACGCGGGGCGAACGTICCGATCTGG^ 

CrTCGACGGACGTTCACCTGCGCCCCGCTTGCAACGCTAGACCTrCTGTCC 

GluI^uSerProI^uI*uI*uTIu^hrTfr^lnTrpGln^ 
1981 GAGCXCAGCCCGXXACXGCTCACCACTACACAGTGGCAGGTCCXCCCGTCXTCCXTCACA 
CTCGAGTCGGGCAATGACGACTGGTGATGTGTCACCGTCCAGGAGGGCACAAGGAAGTG^ 

rhrl^uProAlaLeuSerThrGIyi^ulleHisi^uHisGinAsnllBVaiAspVaiGlD 

2041 ACCCTACCAGCCTTGTCCACCGGCCTCATCCACCTCCACCAGAACATTGTGGACGTGCAG 
TGGGAXGGTCGGAACAGGTGGCCGGAGTAGGTGGAGGTGGTCTTGTAACACCrGCACGTC 

XyrX^uTyrGlyValGlySerSerlleAlaSmrtrpAlaileLysTrpGluXyrValVal 
2101 7ACTTGTACGGGGTGGGGXCAAGCAXCGCGXCCXGGGCCATOUGTCGCAGXACGTCGXT 
ATGAACA7GCCCCACCCCAGXXCGXAGCGCAGGACCCGGXAATTCACCCXCAXGCAGCAA 

I^uI^uP ^L eui Pu L e uMaAspAJ.aArgValCysSerCyslAuTrpMetMgtlieuLeu 
2161 rTCCTGTTCCXTCTGCTTGCAGACGCGCGCGTCTGCXCCXGCriGXGGAXGAXGCTACTC 
GAGGACAAGGAAGACGAACGXCXGCCCGCGCAGACGACGACGAACACCXACTACGATGAG 

IleSerGlsAlaGltiAlaAlaLeuGluAanLeuVallleteuAsnAlaAlaSerLouAla 
2221 AXAXCCCAAGCGGAGGCGGCTTXGGAGAACCXCGXAATACTTAAXGCAGCATCCCTGGCC 
TAXAGGGrrCGCCTCCGCCGAAACCXCXTGGAGCATXATCAATTACGTCGXACGGACCGG 

ClyXhrHlsGlyLeuValserPheLeuvalPhePhcCyBPheAlaXrpT7rLeuI.y3Gly 
2281 GGG AC GCACG6TCTTGTATCCTTCCXCCTGTXCTTCXGCTTTGCAXGGTATTTGAAGGGX 
CCCTGCGTGCCAGAACAXAGGAAGGAGCACAAGAAGACGAA^^GTACCAIAAACTXCCCA 

LyrtxpValProClyAXaValTyrThrPheTyrGlyMctTrpProlAuI^uLeuLeuI^u 
2341 AAGXGGGXGCCCGGAGCGGTCTACACCXTCTACGGGAXGXGGCCXCTCCXCCXGCTCCTG 
TTCACCCACGGGCC XCGCCAGAXGXGGA^f; LTCrrrTiry rrnn mi a/v* **n~Krr-*nr->r 



i^uAlaI^uProGlnArgAlaTyrAla^uAspThr<;iuVaXAlaAlaSerCy8GlyGly 
2401 TTCGCGXTGCCCCAGCCGGCGTACGCGCTGGACACGGAGGTGGCCGCCTCGXGTGGCGGT 
AACCGCAACCCCGXCCCCCGCAIGCGCGACCTCXGCCTCCACCGGCGC^GCACACCGCCA 

2461 ?H2T£*ST^HS*^^ 

CAACAAGAGCAGCCG^ACTACCGCGACXoAGACAGXGGXAXAATGTTCGCGATATAGXCG 
<A«n) 

TxpCysLeuTrpXrpLeuGInTyrPheLftuThrArgValGluAlaGlnLeuHlavalXrp 
2521 TGGTGCXTGTCGXGGCXTCAGXAXXXXCXGACCAGAGTGGAAGCGCAACXCCACGXGTGG 
ACCACG AACACCACCG AAGXCAXAAAAG AC TGGTCTCACCTTCGCG XTGACG X'J s.' \ ACC 

:lftProProLeuAsnValArgGlyGlyArgAspAlaValileX^uLeuMctCy»AlaVal 
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^AGAMTTCSCTCAJ^GAATTTCATGGGATGAAACA^^CMGTTCKGAAG^GK 
AAG^CCCAATOJCCCCnra^ 

WTCCCXCCGMIGACC^GATACAAATAT^ 

^CAACCGCTTGCGAGATCTGGCCGTGCCIt: rAGAC^CAGTCrTCTTC*rrr~rn r»ti^ 




*^A^KT^TCA^TGGGGGGCAGATACreCCGCCTCroGTC 
raWCGACTAOTGCACCCCCCGTCT^^ 

TAACA^CT1X^CG>X^GTTTGGAAGGACCGTIX;CACCTAGTTACCCCACACCACCTC 




; CAGTGGGTTCCCAGGACAGTAGGTCTa 
SAT Thr 




tgtcg; 




AACTTrCCGAGCAGCCCXCCAG^C^CAlScG^^^^^^^ 
AGGG^GC«GTGTGCACCCGTGGAGTGGCTA^GGCGGT(^TTTATCC^KGAG^C 
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XCCCGSCGCCACACCTGGGCACCTCACCGAT^ 

LeuGl uXhrThrMetArgSer P r ova IPheThr As pAsnSerS ex PxcPrcVa 1 ValP ro 
3601 CTAGA-3ACAACCATCAGGTCCCC3GTGT7CACG(^TAACTCCTCTCCACCAGTAGTCCC^ 
GAICXCTGXTGGTACTCCAGGCGCCACAACTGCCrATXCAGGAGAGGTGGXCAXCACGGG 

GlnSerPheGlnValAlaHisLeuHIsAlaFroThrGlySerGly^ysSerThrLysVal 

2 66 1 C AGAG 3XXCCAGGXGGCXCACCXCCAXGCXCCCACAGGCAGCGGCAAAAGGACCAAGGXC 

GTCTCSAAGGTCCACOGAGTGgAGGtACGAGGGXGTCGaTCGCCGTTTT CG T GG TTCCAG 

ProAlaAlaTyrAlaAlaClnGlyTyrLyevall>uVali^uA»xiProS«rValAlaAla 
3^21 C OGGCXGCATATGCAGCTCAGGGCTAT AAGGTGCTAGTACTCAACCCCTCTGTTGCTGCA 
GGCCGACGXAXACGTCGAGTCCCSAXAXTCCACGAXCAXGAGTTGGGGAGACAACGACGX 

Leu 

j78a ACACTaGGCTTTGGTGCTIACAXGTCCAAGGCTCAXGGGAXCGATCCTAACArCAGGACC 
XGTCACCCGAAACCACGAATSXACAGGXTCCGAGTACCCXACCTAGGATTGXAGXCCXGG 

, B11 Gl^l^XhrlleThrth^ 

3 B 4 1 GGGGTCAGAACAAXXACCACXGGCAGCCCCATCACGTACTCCACCTACGGCAAGTTCCTT 

CCCCACTCTTG TXAATGGTC ACCSTCGGGG IAGXGCATGAGGXGGAXGCCCTTCAAGGAA 

3901 raWMC^^ 

CGGCTGCCGl-CCACGAGCCCCCCGCGAATACXGXAXXATXAAACACTGCTCACGGXGAGG 
(Val) 

ThrAfipAlaThr^erllel^ciylleGlyXhrValLeuAspGlnAlaGluXhrAlaGly 
3961 ACGGATGCCACAXCCATCTXGGGCAICGGCACXGXCCXTGACCJWU5CAGAGACXGCGGGG 
*<£CTACCSXGXAGGXAGAACCC3TAGCCGXGA^ 

. ^ AlaAjr?LeuValValLeuAlaThrAl alhrProProGlySBrvalxhrValProKlsPro 
4021 GCSMACTCCTXMCCICGi^ 

CGCXCTGACCAACACC^GGXCSCGGXGGGC^^ 

AsnllaGluGluVal^aieuSerThrThrGlTGluIleProPheTTTGlvLy*^ 
XTGTAG CTCCTCCAACGACACAGG TG GTGGCCTCTCTAGGGAAAAAIG CCGTTCCGAXAG 

4141 ^^^^^^^^^^^^^ 

GGGGAGCXTCAXXAGXTCCCCCCCXCXGXAGAGXAGAAGACAGXAAGXTTCT^ 

A ^ ^^l^uAlaAlaLysl^uValAlal^uGlyiie^ 

4201 ^^^2^ 

CTCCxTGAGCGGCGXXTCCACCACCCXAACCCGTAGXTACGSCACCGGAXGAXGGCGCCA 

4261 CITGACGTGXCCCTCATCCCGACCAGCGGCGATGXTCTCGXCriX^^CCGATCCCCTC 
GAACTGCACAGGCAGTAGGGCTGGTCGCCGCXACAACAGCAGCACCGTTCGCT^ 

Tyr 

^T^lyT7rTr,rGlFAspPheAspSerVallleAspcysA«DXhrcyfiValXhrGln 
4321 ArGACCGGCTAXACCGGCGACTTCGACXCGCXGAXAG ACXGCJVTACCXGXGICACCCAG 
♦ACTGGCCGAXAXGGCCGCTGAAGCXGAGCCACTATCTGACGXXAXGCACACAGXGGGXC 

(Sex) 

, _ ^ValAspP^Serl^uAspPrcT^PheThrlleGluThrlleThxi^uPrcMSlj^ 
4381 A'2AGXCGAXX?CAGCCTTGACCCTACCXXCACCATTGAGACAATCACGOTCCC 

TGXCAGCtAAAGXCGGAACXGGGAXGG AAG IGGXAACTCXGX TAGTGCGAGGGGCXCCTA 

AlaVa^erArgThxGlnArgArgGlyAxsi^iyArcGly^^ 
4441 GCXGXCXCCCCCACXCAACTXCGGGGCAGGACXGGOVGGGGGAAGCC^ 

cgacagagggcgtgagttccagccccgxcctgaccgtcccccttcggtcccxacAjcccx 
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CGGCSSO^CACGGCGAIGACGCPJ^CACCCGC^^ 

SerValGlyLeuGlyLyfiValLeuIZftAscI^eLfiuAaaGlyTTrClyAlaCilyValAla 
5521 AGIGT?GGAC?GGGGAAGGTCC?GAXAGACATCC??GCACGCTATGGCGCK 

TCACAACCTCACCCC?TCCACG~TATCTGTAGGAACGTCCCATACCGCGCCCGCACCGC 

(Cly) 

GlyAlaLeuValAIaPheLysIietexSerGiyGluValProSerThrGluAsoLeuVal 
5581 ttPGCZZTHttSCATIOiX^TZtt 

CCTCGAGAACACCGXAACTTCTAGrACTCGC-rnCTCCACGGuAGGTG C CTCCT G GACCAG 

AanteuLeuProAIaXleLeuSerProGiyAlal^uValValGlyValvalCysAlaAla 
5641 AATCTACIGCCCGCCATCCTCTCGCCCSGAG ZCCTCCTAGTCGGCGTGGTCrGTGCAGCA 
mGAIGACGGGCGGTAGGi^GCGGGCCTCGGGAGCATCAGCra 

Il«X^uArgArgHiaValGiyProClyGluGlyAlaValGloIxpHetA3nArgLeulie 

3701 AXACTGCGCCGGCACGTTGGCCCGGGCGAGGGGGCAGXGGAGXCGATGAACCGGCXGA7A 
XATGACGCGGCCGTGCAACCGGGCCCGCTCCCCCCTC^CGTCACCTACTTCGCCC ACTAT 

AlaPheAlaSerArgGlyAsrUiisValSerProThxHisTYrValProGluScrAapAla 
5761 GCCTTCGCC7CCCGGGQSAACCATGTTTCCCCCACGCACTACGTGCCGGAGAGCGAIGCA 
CSGAAGCGGAGGGCCCCCTTGGTACAAAGGGGGTGCGTGATGCACGGCCTCTCG 

(HisCy«) 

AlaAlaArgValThrAlalleI^uS«rSerLeuThx^aiThi^lnl^uI>uArgAraLeu 
5B21 GCTGCCCGCGTCACTGCCATACTCAGCAGCCTCACTGTAACCCAGCTCCTGAGGC 
CGACGGGCCCAGTCACGGTATGAGTCGTCGGAGlGACArTGGGtCGAM 

Hi«GlaTrpIleSerSerGluCyaThrThrProCyfiSftr51ySerTrFLeuArgAspIle 
5881 CACCA3TGGATAAGCTCGGAGTGTACCACTCCATGCTCCGGTTCCTGGCTAAGGCACATC 
GXGGXCACCTATTCC^CCTCAC^TGGTCAGGTACGAGG^ 

XrpAapTrpIloCycGiuVall^uSerAapPheLysXhrTrpI^uLysAltLyal^uMBt 
5941 TGGGACXGGATATCCGAGGTGTrGAGCGACTTXAAGACCTGGCXAAAAGCTAAGCTCATG 
ACCCTGACCTAIACGCTCCACAACTCGCTGAAATTCT 

ProGlnLeuPreClylleProPheValSei<^sGliJ^gGl^^ 
6001 CCACAGCTGCCTGGGATCCCCTT TGTGTCCTGCCAGCGCGGGIAXAAGGGGGTCTGGCGA 
GGTGTCGACGGACCCTAGGGGAAACACAGGACGGTCGCGCCCATATTCCCCCAGACCCCT 

(Val) 

GlyA«pClyIle.H«tHi«hrArgCysHisCysGlyAlaGluIleThrGlyHi»V»lLya 
606 1 GTGGACGGCAXCATGCACACTCGCTGCCACTGZGGAGCTGAGATCACTGGACATCTCAAA 
CACCT3CC^TAGIACGTGTG^CGACCG?GACACCTCGACTCTAGTGACCTGTACAGTrT 

AsnGlyThrMetArglXeValClyPrcArglfcrCysA^^ 
6 121 /ACGCGACCATCAGGATCSXOTGTCCIAGGACC:^^ 

TTGCCCTGCTACTCCXAGCAGCCAGGAXCCTGGACGTCCTTGTACACCTCACCCTGGAAG 

ProIleAEnAXaTyrXtaTtottyProCysThrPraLe^^ 
6181 CCCATrAATGCCTACACCACGGGCCCCTCTACC^ 

GGCTAATTACGGATGTGGXGCCCGGGGACATGGGGGGAAGGACGCGGCTTGAXGXGGAAG 

AlaLeuTrpArgValS«rAlaGluGluTyrValGlullftArgGlnValGlyAepPheHls 
6241 GCGCXATGGAGGGTGTCTGCAGAGGAATATGTGGAGATAAGGCAGCXGGGGGACTXCCAC 
CGCGATACCTCCCACAGACG7CTCCTTATACACCTCTATTCC 

ryrVal^jrGlyKctTru^hrAspAsnlAuLvsCysPrcrysGlr//alPrcSerProGXu 
6301 rACCCCACGGGTATGACTACTGACAATCTCAAAXGCCCGlCCCnGGTCCCATCGCCCGAA 
AXCCACTGCCCAXACTG ATGACX0T7AGAG ~7ACGGG CACGGXCCAGGG XAGCGGGCTT 

Ph^PhelhrGlul^itAspClyValArgLeuKisA^ 
6361 rTTTTCACAGAATTCCACCGGGrGC^ZrACATAGGTTTGCGCCCCC 

AAAAAG TGTCITAACCTGCCCCACGCGG ATGTATC CAAACCCGGGCCG ACGTTCGGGAAC 

LeuArgGluCluValS«xPhaArgValGlyLauHlsGluxyxProValGlyS«xGlnLeu 
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6421 CXGCGG 3AGGAGGX ATCAXTCAGAGXAGGACX CCnCC AAXACCCGG XAGGCTCGCAAXTA 
GACGCCCTCCTCCAXAGTAAGTCTCATCCTCACGrCCirATGGGCCATCCCAGCGTTAAT 



6461 



ProCYiGluProGluFroABDValMaValLeuThrSerMcrLeuThrAspProSerHis 



6541 



IleThrAlaGluAlaAlaGlyArgArcLeuAlaArgGlyScrProProSerViilAlaSer 
ATAACAGCAGAGGCGGCCGGGCGAAGGXIGGCGAGGGCAXCACCCCCCTCTGTC 
XATXGTOiTCXCCGCCCGCCCCCXTCaUKCGCT^ 

SerSerMaSerGlnLeuSerAlaProSerLcuLysAlaThrCysThrAlaAsnHisAsp 
6601 XCCTCGGCXAGCCAGCXAXCCGCTCCATCTCXCAAGGCAACXTGCACCGCrAACCATCAC 
AGCAGCCGATCGGXCGAXAGCCGAGGXAGAGAGXTCOTXXGAACGXK 

SerProAspAlaGluLsuIlaGluAlaABtU^uLeuTrpArgGlaGluHe^SlyGlyAso 
6661 TCCCCTGATGCX6AGCTCATAGAGGCCAACCTCCXATGGAGGCAGGAGATGGGCSCCAAC 
AGGGGACTACGACICGAGIATCTCCGGTrGG^GGATACCTCCGTCCTCTACCCGCCG 

IlcThrArgValGluScriUuAsnl-ysValV^ 
6721 AXCACCAGGGTTGAGXCAGAAAACAAAGXGGTGATTCXGGACXCCTTCGATCCGCTTG^ 
TAGTCGTCCeAACTCAGTCTTTTCTr^ 

AlaGluGluAfipaiuArgGluIlQSarValPx^AlaGluIlftLeuArgLysSerAxqAxg 
67B1 GCGGAGGAGGACGA5CGGGAGATCTCCGTACCCGCAGAAATCCTGCGGAAGTCTCCGAGA 
CGCCXCCTCCXGCXCGCCCXCXAGAGGCAXG 3GCGXCTTTAGGACGCCXTCAGAGCCTCT 

PK*AlaCliLAlalAuProV»lXrpAlAArgProA^oTyrAsnProProLeuValGluThr 
TTCGCCCAGGCCCTGCCCGTTTGGGCGCG6CCGGACTATAACCCCCCGCXAGTGGAGACG 
AAGCGGGTCCGGGACGGGCAAACCCGCGCCGGCCTGAXAXTGGGGGGCGATCACCTCTGC 

XrpLyiLysPrctfupTyrGluProProValValHisGlyC^s 
TGGAAAAAGCCCGACTACGAACOUICTGXGGTCCATGGC^XCCGCTXCCACCT 
ACCrrXTTCGGGCXGATCCXX G CXGGACACCAGGTACCGACAGGCGAAGGXGGAGCTTTC 

£crProProVeLPzt>ProProAr9Ly«LysAJrgThrValvalI^uThrGluSerThrLeu 
696 1 TCCCCXCCTCXCCCTCCSCCTCGGAACAAGCGGACGCTGGTCCTCAC^^ 

AGGGGAGGACACGGAGGCGGAGCCXTCTTCGCCXGCCACCAGGAGXGACTTAGTTGGGAT 

(Ser) 

SerXhrAlaLeuAlaGluLeuAlaXhrArgSerPneGlyScrSerScrThrSerGlylle 
T021 XCXACXGCCTTGGCCGAGCXCGCCACCAGAAGCTXXGGC^ 

AGAXGACGGAACCGGCXCCAGCGGXGGXCXXCGAAACCGXCGAGGAGTXGAAGGCCSTAA 

rhrGlyAsoAanThrThxThrSftrSerGluProAlaProSarGlyCysProProAspSer 
ACGGGCGAOJ^ACGAOU^XCCTCXCAGCC^ 

T6CCCGCXGXTATCCXCTXGXAGGAGACXCCGG0GGGGAAGACCGACGGGGGGGCTGAGG 
(PheAla) 

A»pAlaGluSerXyrSerSextt«xProProi«uGluGlyGluProGlyA«pProA*pLeu 
GACGCXGAGTCCXATTCCXCCATGCCCCCCCXGGAGGGGGAGCCXGGGGAXCCGGAXCTT 
CXGCGACXCAGGA7AAGGAGGXACGGGGGGGACCXCCCCCTCGGACCCCTAGGCCTAGAA 



6841 



6901 



7061 



7141 



7201 ^w~ww^,.~~w ^~ 

TCCCXGCCCAGXACCAGXTGCCAGTCATCACTCCGGTTGCGCCTCCTACAGCACACGACG 

SemetSerT7rSerTrpThrtlyAlaI^yalXhrProCy3AlaAlaGluGluGanLy» 
7261 TCAAXCrCTIACTCrTGGACAGGCCCACTCGXCACCCCGXGCGCCGCGGAAGAACA GAAA 

AGXTACAGAATCACAACCTCTCCGCGTGAGCAGTCCGGCACGCGGCG 

Z*uProlleAsnAl aXeuSer AsnSer^euleuArgHlsHlaAsnLeuVa lTyrSerThr 
7321 CXGCCCAXCAATGCACXAAGCAACXCGTXGCXACGXCACCACAAXTTGGXGXATXCCACC 
ijACCGCXAGXXACGTGAXXCGXXGAGCAACGAXGCAGXGGXGXXAAACCACAIAAGGXGG 

ThrSerAraSerAlaCycGlnArgGlnLysLysVairhxPhcA6pArgL«uGlnValLeu 
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XGAGTGCGXCACGAACGGXrrCCSTCrXCTrTC^ 

AspSerHicryrGinAspValLaiiLvsGIuValLysAlaAla^aSerLysValLyBAla 

* 44 1 GACAGCCAXTACCAGGACGXACrCAAGGAGGrTAA^ 

CrGTCCGrAATGGTCCTGCATGnGTTCCTCCAATTTCSXCGCCGCAGxTTTCACTTCCGA 

AanLeuJ^cuS«rVftlGluGXuAlaCysSerLcuThrProProHicSerAl!iLy3SerLys 
"*501 AACTTGCTATCCGTAGAGGAAGCTTSCAGCCTaACGCCCCCACACTCAGCCAAATCCXAG 
TTGAACGAXAGGC^XCrCCtTCGAACCXrGC^XGaa^^ 

PheGlyTyrGIyAlaLy^pValArgC^5HisiaaArgLy»Al»V»lThrHifiIleA«n 
TTTGGTTATGGGGCAAAAG ACGTCCGCTGCCATGCCAG AAAGCCCGTAACC CACAXCAAC 
AAACCAATACCCCGXTTXCTGCAGGCAACGGXACGGTCT7TCCGGCATTGGGTGXAGXXG 

SerVa lTrpLy 3A3 ptauLeuG luAspAj d ValThr P r oIleAs pThrThr I leMe tAl a 
"621 TCCGXGTGGAAAGACC7XCTGGAAGACAA7CXAACACCAATAGACACTACCAXCATGCCT 
AGGCACACCTTXCXGGAAGACCrrCTGTTACAITGTGCXTATCTGTGATCCXAGXACCGA 

Ly »AanGl uVa lPheCy sValG InProGlui// sGXyG lyAr^Ly s ProAl aAraLaui le 

* 6 8 X AAGAACGAGG TTTTCTGCCTTCAGC CTGAG AAGGGGGG TCCTAAG CCAGCTCGTCTCAXC 

TTCrrGCTCCAAAAGACGCAAGTCGGACICTTCCrcCCAGCATTCGGTCGAGCAGAGTM 

ValPheProAspLauGlyValArgValCysGluLysMetAlaLcuTyrABpVnlValThr 
T74 1 GTGT7CCCCGATCTGGGCGTCCCCGTGTCCGAAAAGATGGCITTGTACGACGTGGXTACA 
CAOttGf^CXAGACCCGCACGCGCACACCCTTr^ 

Lyal^ProLeuAlaValHetGlySerSerT7zGlyPheGXnTyrS*rProGlyGlnArg 
780X AAGCTCCCCTTGGCCGT<^TGGCAACCXCCTACGGATTCCAATACTCACCAGGACAGCGG 
TTCGACGGGAACCGGCACTACCCTTCGAGGATGCCTAAGGTTATGAGTGGTCCTGTCGCC 

ValGluPhel^uValGXaAlaTrpLysSerLysLysTlirProMetGlyPheSerTyTAap 
786X GTTGAATTCCTCGXGCAAGCGTGGAAGICCAAGAAAACCCCAATGGG^ 

CAACT?AAGGAGCACGTTCGCACC?XCAGGT7CTT T T G GGGTTACCCCAAGAGCATAC^ 

ThrArgCysFheAspSftrTfcrVairhrCluSerAspll^ 
7 S 21 ACC CG CTG CTTTG ACTCCACAGXCACTG AG AGCGACATCCGTACGG AGGAGGCAAICTAC 
TGGGCGACGAAACTCACGXGTCAG7GACTCTCGCTGTAGGCAXGCCTCCTCC3XTA<^TG 

GlnCysCysAfipLexiAspProGXnAlaArgValAlalleLysSerLeuThxCIuAroLeu 
: 9 6 1 CAATG^TGTGACCXCGACCCCCAAGCCCGCGTCGCCAXCAAGTCCCXCACCGAGAGGCXT 
GTTACAACACXGGAGCXGGGGGTXCGGGCGC\CCCGXAGITCAGGGAGXGGCTCXCCGAA 

(Glyy 

TyrvalGlyGiyProLeuThrAfinSerArgGlyGXuAsnCysGXyTyrArgArgCysArg 
804 1 TATGKGGGGGCCCTCTXACCAATICAAGGGGGGAGJUICTCCTCCTATCCXAGGTGCCGC 
ATACAACCCCCGGGAGAATTOrXAAGTXCCOZCCTCTTGACGCCGATAGCGTCCACGGCG 

AlaSerGlyValLeuThrThrSerCysGl yAsnthrl^^ 
8101 GCGAGCGGCGXACTGA£AACTAGCTGXGGTAACACCCTCACTTGCXACAICAAGGCCCGG 
CGCTCGCCGCATGACTGXTGAXCXSACACCAXTGT^^AGXGAAC^ATCTAGXTCCGGGCC 

AlaAlaCysArgAlaAlaGlyLeuGlnAspcysTrmetxeuvalCysGlyAspAspLeu 
9161 GCAGCCTGTCGAGCCGCAGGGCTCCAGGACTGCACCAXGCTCGXGTGTGGCGACGACTTA 
CGTCCCACAtarrCCCCGTCCCSAGSTCCTCACCTC^ 

ValVairieCysGXuSerAlaGlyValGlnGiuAfipAlaAl&SerLftuArgAlaPheThr 
92X1 GTCGTCATCTCTGAAAGCGCGGGGGTCCAGGAGGACGCGGCGAGCCIGAGA-CCCXTCACG 
CAGCAATAGACACTTTCGCGCCCCCAGGTCCTCCTGCGCCGCll^ACTCTCGGAAGXGC 

GluAlaMetThrArgXyrSerAlaProProGlyAspProProGlnProGXuTyrAapLcu 
S2ei GAGGCXAXtiACCAGGXACTCCGCCCCCCClXJGGGACCCCCCACAACCAGAATACGACTTG 
CXCCGAXACXGGTCCATGAGGCGGGGGGGACCCCXCGGGGGXGTrGCTCTTAXGCrGAAC 

GluLeuIle^xSerCysSerSerAsnValS-rValAlaHisAspGlyAlaGlyLysArg 
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341 CACCTCATAACATCATGCTCCTCCAACG7GXCAGTCGCCCACGACGGCGCTGGAAAGATC 
CTCGAGIATTGTAGTACGAGGAGGTTGCACA^TCAGCGGGTGCT^ 

valTyxtyrl^uThrArgAjpPro-ThrT:^ 
401 GTCTACTA(XTCJ^CCGTGACCCTACkACCCCCCTCGCGAGACCTGCGTGG3AGACAGCA 
OiGATGAIGGAGTGGGCACTSGGATGTTGGGGGGAGCGCT^ 

ArgHigThrProValA»nSexTrpLeuGlyAsnIleIleMatPhaAlaProThrLeuTrp 
8461 AGACACACTCCAGTCAATTCCTGGCTAGGCAACATAAIC^TGrTTGCCCCCACACTGTGG 
TCTGTGTGAGGTCAGTIAAGGACCGATCCGTTGrATTAGTACAAACGGGGGTGTGACACC 

AlaArcMfttllelAuMetThrHl^PhePheSerValLftuIleAlAArgAspGlriLcuGlu 
8521 GCGAGGATGAIACTGATGACCCATTTCTXTAGCGTCCTTATAGCCAGGGACCAGCTTGAA 
CGCTCCTACTATGACTACTGGGTAAAG AAATCGCAGGAATATCGGTCCCTGG ICGAACTT 

GlDAlaLeuAspCysGluXleTytClyAlaCysTyxSerllttGluProLeuAspLeuPro 
8581 CAGGCCCTCGATTGCGAGATCTACGGCGCCTGCTACTCCATAGAACCACTTGATCTACCT 
GTCCGGGAGCTAACGCTCTAGATGCCCCGGACGATGAGGTATCTTGGTGAACTAGATGGA 

ProIlelleGliJUrgl^uHisGlyl^uSerAla^ 
8641 CCAATCATTCAAAGACTCCATGGCCTCAGCGCATTTTCACTCCACAGTTACTCTCCAGGT 
GGTIAGXAAGTTTCTGAGGTACCGGAGTCGCGTAAAAGTGAGGTGTCAATGAGAGGTCCA 

GlulleAsnArgValAlaAlaCysLeuArgLyfiL^uGlyValPrcProLeuArgAlaTrp 
8701 GAAAT7AATAGGGTGGCCGCATGCCTCAGAAAACTTGGGGTACCGCCCTTGCGAGCTTGG 
CTTTAA1TATCCCACCGGCGTACGGAGTCTTTTGAACCCCATGGCGGGAACGCTCGAACC 

Gly 

ArgHlsArgAlaArgServalAxgAlaAxgLeuLexiAlaArgaiyGlyArgAlAAlaXle 
8761 AGACACCGGGCCCGGAGCGTCCGCGCXAGGCTTCTGGCCAGAGGAGGCAGGGCTGCCATA 
TCTGTGGCCCCGGCCTCGCAGGCGCGATCCGAAGACCGGTCTCCTCCGTCCCGACGGTAT 

Cy*GlyLysTyrl^uPheAsnTrpAlaValAxoThrLysL*uI-y«LauThrProIleAla 
8821 TGTGGCAAGTACCTCTTCAACTGGGCAGTAAGAACAAAG CTCAAACTCACTCCAATAGCG 
ACACCGT7CA7GGAGAAGT7GACCCGTCATTCTTGTTTCGAGTT7GAGTGAGGTTATCGC 

MaAlaGlyGlnl^uAspI^uSexGlyTrpPheTto 
88B1 GCCGC7GGCCAGC7GGACTTGTCCGGCTGGTTCACGGCTGGCTACAGCGGGGCAGACATT 
CGGCGACCGGTCGACCTGAACAGGCCGACCAAGTGCCGACCGA7GTCGCCCCCTCTGTAA 

(Pro) 

TyrHlcSerValSerMisAlaArgProArgTrpIleTrpPheCysLeuLeuLeuLeuAla 
9941 TATCACAGCGTGTCTCATGCCCGGCCCCGCTGGATCTGGTTTIGCCTACrCCTGCTTCCT 
ATAGTGTCGCACAGAGTACGGGCCGGGGCGACCTAGACCAAAACGGATGAGGACGAACGA 

AlaGlyValGlylleTyrLeuLeuProA5nArgOP 
9001 GCAGGGGTAGGCATCTACCTCCTCCCCAACCGATGAAGGTTGGGGTAAACACTCCGGCCT 
CGTCCCCATCCGTAGATGGAGGAGGGGTTGCCTACTTCCAACCCCATTTGTGAGGCCGGA 
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